Introduction
Ocean colour is the water-leaving radiance in the visible and near-infrared just above the ocean surface owing to selective absorption and scattering by phytoplankton and its pigments such as chlorophyll, as well as dissolved organic matter and suspended particulate matter in the subsurface ocean waters. Ocean colour carries useful information concerning biogeochemical properties of the water body. Ocean colour remote sensing can be applied in investigating the optical properties of upper ocean layers, biological productivity, global carbon and biogeochemical cycles in the oceans. When an ocean-colour sensor measures the radiance backscattered by the ocean-atmosphere system, the signal it received is largely dominated by the atmosphere. Ocean colour retrieval from satellite measured top-of-the-atmosphere (TOA) radiances over the oceans requires removal of the atmospheric and ocean surface interfering effects, a process termed atmospheric correction which is the key step in ocean colour data processing. Water-leaving radiance is the basic product in ocean colour remote sensing, and can be used to derive the water inherent optical property (IOP) and constituent's concentration, photosynthetically active radiation (PAR), red-tide index. Other oceanic applications such as primary productivity and global carbon can be investigated further. Besides water-leaving radiance, concentration of phytoplankton pigments such as chlorophyll a is another standard ocean colour product. Diffuse attenuation coefficient, fluorescence line height, photosynthetically available radiation, concentrations of particulate organic and inorganic carbon, chromophoric dissolved organic matter and suspended particulate matter can also be provided. With the advantage of spatial coverage and frequent overpass, satellite instruments are widely used in ocean research at local and regional scales. Since the launch of the Coastal Zone Colour Scanner (CZCS) in 1978, ocean colour remote sensing has been focused on studying the spatial and temporal evolution of phytoplankton in open oceanic areas. The main purpose is to improve our understanding of the carbon cycle and the role of the ocean in climate change. After CZCS, instruments with improved spatial and spectral characteristics have been deployed on space borne satellites. The Sea-Viewing Wide Fieldof-View Sensor (SeaWiFS) provides the oceanographic community an unprecedented opportunity to retrieve ocean colour on a global scale. Then, the Moderate Resolution Imaging Spectrometer (MODIS) with a total of 36 channels continues the ocean colour observation. It is worth mentioning some ocean colour instruments, e.g. Ocean Colour Temperature Scanner (OCTS), Modular Optoelectronic Scanner (MOS), Medium Resolution Imaging Spectrometer (MERIS), Ocean Colour Monitor (OCM) and Global Line Imager (GLI). Geostationary Ocean Colour Imager (GOCI) launched in 2010 allows more frequent data provision. FengYun-3 (FY-3) is the second generation of Chinese polar-orbit meteorological satellite operating in a near polar, sun-synchronous orbit at an altitude of 836 km. The morning satellite FY-3A (launched on May 27, 2008) with local equator-crossing time of 10:30 A.M. (descending southward) and the afternoon satellite FY-3B (launched on Nov 5, 2010) with local equator-crossing time of 1:30 P.M. (ascending northward) have been in operation. Medium Resolution Spectral Imager (MERSI), a major sensor among its 11 payloads, is a MODIS-like sensor covering visible to infrared spectral region. FY-3/MERSI is capable of making continuous global observations for a broad range of scientific studies of the Earth's system, and ocean colour application is one of its main targets. In this chapter, an overview of MERSI instrument is presented in section 2. Quantitative remote sensing such as ocean colour is sensitive to sensor's radiometric performance. MERSI can not realize the onboard absolute radiometric calibration in the reflective solar spectral region. Various calibration techniques are adopted to monitor the radiometric degradation and assure calibration accuracy, such as absolute calibration using China Radiometric Calibration Site (CRCS) with in-situ measurements, multi-sites calibration tracking and relative calibration with onboard calibrator. The sensor performance related with ocean colour and primary calibration results in reflective solar spectral bands are briefly introduced in section 3. FY-3A/MERSI ocean colour products consist of water-leaving reflectance retrieved from atmospheric correction algorithm, chlorophyll a concentration, pigment concentration, total suspended mater concentration and absorption coefficient of CDOM and NAP from global and Chinese regional empirical models. The FY-3A/MERSI ocean colour product specification, atmospheric correction algorithm based on lookup tables (LUT) and ocean colour components concentration estimation models are described in section 4. The ocean colour product has been primarily validated against in situ data and the comparison result is given in section 5. Ocean colour product is helpful in understanding the ocean variability and changes with their effects on climatic processes. In section 5, some ocean colour application cases using MERSI data such as algae bloom monitoring and coastal suspended sediment variation are also demonstrated.
Overview of MERSI instrument
MERSI is manufactured by Shanghai Institute of Technology and Physics (SITP), Chinese Academy of Sciences (CAS). First serial MERSI (called MERSI-1) onboard the firstly three FY-3 satellites has 20 spectral bands, of which 19 are the reflective solar bands (RSBs) covering the wavelength range of 0.4-2.1 m and one is the thermal emissive band (TEB) covering 10-12.5 m. FY-3/MERSI is a cross-track scanning radiometer. There are two calibrator systems inside: a Visible Onboard Calibrator (VOC) for RSBs and a Blackbody (BB) for TEB. Figure 1 shows the instrument photo. MERSI makes earth view observations via a single-sided 45 scan mirror in concordance with a K mirror (de-rotation) over a scan angle range of 55 about nadir. It provides a swath of 2900 km cross track by 10 km (at nadir) along track for each scan with multi-detectors (10 or 40), enabling a complete global coverage in one day. MERSI has a nominal ground instantaneous field of view (GIFOV) of 250 m, or 1000 m at nadir. The general information and spectral band specifications are listed in Table 1 and 2. The global moderate-resolution narrow-band observations in 20 spectral bands have provided useful data for scientific studies and applications in land, ocean, and atmosphere. Table 2 . Spectral band specification of MERSI.
Parameters
Scene radiant flux reflects from the continuously rotating scan mirror at 40 rpm. Energy from the scan mirror strikes the primary mirror (the entrance pupil), goes through a field stop and then onto the secondary mirror. Radiance reflected from the secondary mirror is transmitted to K mirror which is used to remove the rotation of the image due to the rotation by 45 scanner and multi-detector parallel. The K mirror rotates at exactly half the rate of the scanner and uses alternating mirror sides on successive telescope scans. Immediately after K mirror there is a dichroic beam splitter assembly (consisting of three beam splitters) that directs the energy through four refractive objective assemblies and then onto the four focal plane assemblies (FPAs) with their individual band-pass filters. The beam splitters are used to achieve spectral separation, dividing the MERSI spectral domain into four spectral regions: visible (VIS) (412 to 565 nm), near infrared (NIR) (650 to 1030nm), short wavelength infrared (SWIR) (1640 to 2130nm), and long wavelength infrared (LWIR) (12250nm). The SWIR and LWIR FPAs are cooled to approximately 90 K by a passive radiative cooler. All instrument bands, each with multiple detectors (40 and 10 along-track detectors for 250-m and 1000-m band separately) are aligned in the scan direction on focal planes. The VIS and NIR FPAs utilize p-i-n photovoltaic silicon diodes. The SWIR bands have photovoltaic HgCdTe detectors and LWIR band uses photoconductive HgCdTe. The outputs from multiple detectors in each band are added using a time delay and integration (TDI) technique to improve the signal-to-noise ratios (SNRs). The VOC is mounted on the side of the instrument, allowing the scanner to view the VOC's exit when passing over the South Pole. Space view (SV) port is used to provide a zero reference.
3. In-flight performance of solar bands 3.1 Radiometric response change using VOC MERSI VOC is the first onboard visible calibration experimental device for FengYun series sensors. It is composed of a 6-cm diameter integrating sphere with interior lamp and sunlight import cone, an export beam expanding system with a flat mirror and a parabola to create a collimated beam, and absolute radiance trap detectors (4 detectors with the same filter designs as MERSI bands of 470nm, 550nm, 650nm and 865nm, and one panchromatic detector with no filter). The export parallel light from the expanding system fills the entrance aperture of MERSI and is viewed each scan. Although the VOC can not realize the absolute radiometric onboard calibration, it can be used as a radiometric source to monitor the radiometric response degradation of MERSI. The greatest degradation is in band 8 (412nm), more than 15% during one year. It has been found that there exist signal anomaly jumps at band 6 and 7. The instrument vendor explained that it was induced by the electronic gain anomaly jump of MERSI SWIR bands. So the degradation status of band 6 and 7 have to be re-evaluated based on the electronic gain levels. 
Vicarious radiometric calibration tracking
where ARef i is the TOA apparent reflectance for band i, SolZ is solar zenith angle, (d0/d) 2 is earth-sun distance correction factor, Slope is calibration slope, DN and SV are digital numbers of earth observation and space view respectively. Based on the calibration coefficient series, a linear model is used to describe the varying trend of calibration slopes:
www.intechopen.com Typical examples of band 1, 2, 3 and 4 are shown in Fig. 3 , in which the linear fitting model is shown with black solid line. Band 6 and 7 are omitted because of anomaly electronic gain jumps possibly induced by electrostatic discharge. It can be seen that the calibration coefficients present a linear trend with DSL, and seasonal periodicity exists especially in the short-wave and the water vapor channels. The calibration tracking results are listed in Tablechange with the annual decay rate below 1%. The uncertainty (2 /mean) for the trend analysis is below 5% except for water vapor bands (17, 18 and 19) . 
Ocean colour product 4.1 Product specification
Several quantitative parameters are provided in FY-3A/MERSI ocean colour product: -Water-leaving reflectance (ρ w = L u (0 + )/ L d (0 + )) for band 8 to 16 retrieved from atmospheric correction algorithm based on LUTs, -Chlorophyll a (Chla) concentration (CHL1) and pigment concentration (PIG1) from global empirical models, -Chlorophyll a concentration (CHL2), total suspended mater concentration (TSM), absorption coefficient of CDOM and NAP at 443nm band (YS443) from Chinese regional empirical models. FY-3A ocean colour product specification is shown in Table 4 . The product file format is HDF5. Examples of ocean colour product are shown in Fig. 4 Table 4 . FY-3A ocean colour product specification.
Atmospheric correction algorithm
For the ocean-atmosphere system, TOA reflectance measured by the satellite sensor in a spectral band centered at a wavelength , ρ t ( ), can be written as a linear sum of various contributions (angular dependencies are omitted):
where ρ w is water-leaving reflectance, ρ wc is whitecap reflectance, ρ g is sun glint reflectance, T g is gaseous absorption transmittance, T g´ is gaseous absorption transmittance excluding water vapor, T r+a is scattering transmittance of the Rayleigh and aerosol mixing atmosphere, ρ atm is intrinsic atmospheric reflectance reaching the sensor, ρ mix is reflectance for the Rayleigh and aerosol mixing atmosphere not accounting for absorptive gases, and ρ r is reflectance for a pure Rayleigh atmosphere not accounting for absorptive gases. None water-leaving effects are calculated and removed from ρ t to extract ρ w . ρ r is calculated using look-up tables with angles and surface pressure . T g together with T g´ is calculated using formulas based on simulations with angles and gases amounts (Sun & Zhang, 2008) . ρ wc is estimated using an empirical model with wind speed (Gordon, 1997) . ρ g is estimated using the Cox & Munk model with wind and angles. T r+a is calculated using look-up tables with certain aerosol model, aerosol optical thickness a and angles (Sun, 2005) . To determine ρ mix , mainly the aerosol contribution because ρ r can be calculated in advance, a γ (γ=ρ mix /ρ r ) lookup tables with various aerosol models and angles are used . Seven candidate aerosol models from OPAC database are adopted. The aerosol scattering phase function P a (Θ) and normalized aerosol optical thickness Δ a are separately shown in Fig. 5 . The water-leaving reflectance at two NIR bands (centered at 765 and 865nm) are assumed zeros. Thus, γ(765) and γ(865) are obtained from ρ t . a (865) i for 7 aerosol models are calculated using a γ lookup tables, and a ( ) i are extrapolated with the normalized optical thickness Δ a ( ) i , and γ(765) i are reversely calculated using a γ lookup tables. Then, two aerosol models (represented with i1 and i2) most similar to the actual one are selected according to γ(765) i1 <γ (765)<γ (765) 
Water constituents concentration estimation models
The MODIS OC3 model is used in global chlorophyll a concentration (CHL1) estimation. The gobal pigment concentration (PIG1) estimation model is derived from the SeaBAM dataset: With independent data validation (N=56), the data percentage within relative error of 30% (calculated in log scale) is 71%. The local models in China coastal region have been constructed with in situ measurements during 2003 spring and fall cruise in the Yellow Sea and the East China Sea organized by the National Satellite Application Service (Tang et al., 2004) .
in which,
The maximum, minimum and mean Chla are 6.83,0.54 and 1.55 mg/m 3 , respectively.
in which, A=[4.309, 4.324, 1.592, 0.212] .
The maximum, minimum and mean TSM are 340.1, 0.6 and 16.8 g/m 3 , respectively. In China coastal region, the concentration of suspended particle is very high caused by terrestrial inputs, and in-situ data show that the absorption coefficient of none pigment particles is obviously larger than yellow substance.
in which, A=[2.709, 4.286, 1.711, 0.233] .
The maximum, minimum and mean YS443 are 8.072, 0.052 and 0.583 m -1 , respectively. Independent data are used for validation (N=40). The maximum, minimum and mean for Chla, TSM and YS443 is 3.76, 0.51 and 1.40 mg/m 3 ; 182.3, 0.5 and 16.6 g/m 3 ; 6.712, 0.080, and 0.604 m -1 , respectively. The mean relative error 3%, 19.3%, and 26.1% , and the data percentage within relative error of 30% is 67%, 80% and 57% for Chla, TSM and YS443 respectively.
Product validation and application

Primary validation
By comparing with in situ data collected in Feb. 2009, the FY-3A/MERSI ocean colour product was preliminarily validated. But only two match-ups were available, whose time differences were less than 5 minutes. The RMS difference and percentage difference values were given in Table 5 . The ρ w at 443, 520 and 565 nm was systematically overestimated, while ρ w at 490 nm was underestimated. Table 5 . FY-3A ocean colour product primary validation result.
Algae bloom monitoring
FY-3A/MERSI is a nice sensor for algae bloom monitoring. In the late spring and early summer 2008, a severe enteromorpha prolifera bloom erupted in the Yellow Sea and the sea area of Qingdao Olympic regatta was severely interfered. A massive algae clearing action was organized in which FY-3A/MERSI played an important role in determining algae distribution, moving route, and directing in situ salvage. Figure 6 showed one false colour MERSI image (RGB with band 3/4/1) on June 28, 2008 . From the end of 2008, a serious HAB attack the Pacific coastal region of the Central America, especially around Costa Rica, Guatemala, El Salvador and Nicaragua. Figure 7 showed this red tide developing process using FY-3A Chla product.
Suspended sediment variation
In the early morning of Apr.15, 2009, a large storm surge suddenly happened in Bohai Sea, the eleven to twelve level wind rapidly resuspended the marine sediment and changed the suspended particle concentration distribution in the Bohai Sea, especially Bohai Bay and Laizhou Bay. Figure 8 showed this process using the FY-3A TSM product.
Conclusion
FY-3A/MERSI is the milestone sensor for Chinese meteorological satellite beyond it's previous instruments. It adopted a special 45 mirror scanning and de-rotation techniques with K mirror which can do multiple detectors scanning. One of the instrument's most outstanding features is that it can provide no gap global observation with its large coverage swath as well as five 250-m bands. The MERSI's global mission will make a major contribution to scientific projects that seek to understand the role of the land, atmosphere and ocean in the climate system and will further increase our ability to forecast change through modeling. FY-3A/MERSI is the first Chinese sensor having the ability to make ocean colour global coverage. Ocean colour remote sensing is sensitive to sensor's radiometric performance. The MERSI VOC is the first experimental onboard calibrator for visible bands and provides a good way to monitor the relative radiometric response change at visible bands. The based-line calibration approach is VC based on synchronous in-situ measurements, and has been conducted annually using Dunhuang CRCS site in summer since 2008. Although the CRCS based vicarious calibration has the accuracy of ~5%, the limited data amount is not enough for frequent and stable in-flight calibration coefficient updates. Multi-sites with stable surface properties have been chosen for radiometric calibration tracking. It reveals that the short-wave bands have large degradation, especially band 8 with the annual decay rate up to 14%. In the red and near-infrared bands (600 ~ 900nm), e.g. band 3, 4, 13, 14, 15 and 16, the calibration coefficients almost have no change with the annual decay rate below 1%. FY-3A/MERSI ocean colour products consist of water-leaving reflectance, chlorophyll a concentration (CHL), total suspended mater concentration (TSM) and absorption coefficient of CDOM and NAP (YS443) derived from atmospheric correction algorithm based on lookup tables (LUT) and global and Chinese regional empirical models for ocean colour components concentration estimation. By comparing with in situ data, the FY-3A/MERSI ocean colour product has been preliminarily validated. The ρ w at 443, 520 and 565 nm was systematically overestimated, while ρ w at 490 nm was underestimated. The RMS percentage difference for Chla and TSM are 9.4% and 10.1%, respectively. Ocean colour product is helpful in understanding the ocean variability and changes with their effects on climatic processes. MERSI data have shown good application ability at ocean colour aspect, such as monitoring of algae bloom and coastal suspended sediment variation. Although various calibration methods have been used to assure data accuracy, there i s s t i l l m u c h w o r k t o b e d o n e t o a c q u i r e high quality radiometric data. And more validation work is needed to be carried out in the near future. The FY-3A/MERSI data (from L1B to L3) is public, and can be searched and ordered from the website (http://fy3.satellite.cma.gov.cn).
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